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Abstract

This study aims to evaluate the toxicity, antibacterial activity, and chemical profiling of Gracilaria salicornia extract. The
research stages included the extraction, bioactivity test, GC-MS, and docking analysis. The extraction of samples was carried
out by gradient maceration. The toxicity of the extracts was analyzed using the BSLT method, and the antibacterial activity
was analyzed by paper disc diffusion. The antibacterial activity showed better sensitivity against Escherichia coli than
Staphylococcus aureus. The inhibition zone against E. coli ranged from 7.73-17.30 mm, while S. aureus ranged from
6.91-13.44 mm, and all of the extracts were toxic to Artemia salina Leach. The chloroform extract showed the highest activity
with the clear zone diameter was 17.3+1.65 mm and 13.44 + 0.04 mm to E. coli and S. aureus respectively. The presence of
steroids, terpenoids, fatty acids, and alkane based on GC-MS and docking analysis were responsible for these activities.
Molecular docking analysis showed that Cholest-5-en-3-ol and Cholesta-4,6-dien-3-ol showed better interactions than control
with binding energy -9.99 and -9.67 kcal.mol! against 5BMM, -8.00 and -7.93 kcal.mol-! against 3LPS respectively. Based
on this data, it can be stated that G. salicornia extract is highly potential as the source of antibacterial compounds.
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1. Introduction metabolites as the new medicinal candidate [6].
This was inseparable from the extreme
environmental conditions and other factors, such as
the presence of microorganisms. Research data have
shown that macroalgae have secondary metabolites

such as phlorotannins, fatty acids, polysaccharides,

Searching for antibiotics to fight infectious
diseases have many obstacles and have reached a
turning point [1]. However, microorganisms with
different mechanisms may form a self-defence

system to be resistant to certain antibiotics [2]. This
condition can be a serious threat if it continues
because it will become an obstacle for the therapy
of various diseases [3]. The issue has become a
trigger for researchers looking for new antibiotic
candidates [4, 5].

Marine organisms such as macroalgae have
massive potential for the discovery of secondary

peptides, and terpenes that are pharmacologically
active as antibacterials [7].

Gracilaria was one of the genera on the
Indonesian coast with a fairly large population [8].
The macroalgae were high in secondary metabolites
and had pharmacological impacts against cell
oxidation processes and bacterial infections [9]. The
pharmacological effects are derived from the class
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of compounds such as alkaloids, flavonoids,
saponins [10], steroids, terpenoids, and fatty acids
[11]. Gracilaria salicornia was one of several algae
species that were not widely explored for its
bioactive compound [12], especially on the
Indonesian coast. This study was carried through an
in vitro and in silico analysis of the antibacterial
activity of Gracilaria salicornia extracts. This
report was also the first of the Indonesian
Gracilaria salicornia extract metabolite profiling
based on GC-MS.

2. Experimental
a. Collection and Identification of Algal Material

The sample was obtained from the shore of
Selayar Island (5°54'59.45" S and 120°26'43.98" E)
at a snorkelling depth of 1.5 meters. The sample
obtained was G. salicornia based on identification
by the Productivity and Water Quality Laboratory,
Faculty of Marine Science and Fisheries
Hasanuddin University and morphological analysis
based on Guiry & Guiry, 2020 [13].

b. Extraction and Sample Preparation

Samples that have been taken from the growing
site were immediately washed several times using
seawater to remove epiphytes and other impurities.
Then the salt attached to the samples was rinsed
using distilled water. After drying, the sample was
then cut into pieces and ground into powder. The
sample was then extracted by graded maceration
method with n-hexane, chloroform, ethyl acetate
and methanol. The extract obtained was then
concentrated using a rotary evaporator.

c. Toxicity Test

The toxicity of the various extracts of
G. salicornia was tested using the Brine Shrimp
Lethality Test (BSLT) method. The 48-hour-old
larva was used as an object for this test. A total of
100 pL of seawater with 10-15 larvae was inserted
into the microplate, then the extract solution was
added so that the final concentrations of 7.81, 15.63,
31.25, 62.50, and 125 pg.mL™ were obtained. The
toxicity of the extract was expressed by LCso
(ng.mL1) obtained through linear regression
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equations from the log concentration against probit
values. The probit value was the conversion of % of
larval death after incubation for 24 hours.

d. Antibacterial Test

Antibacterial activity by paper disc diffusion
method was obtained based on the clear zone
around the disc paper. Inoculum of tested bacteria
(S. aureus and E. coli) were suspended by sterile
axle with OD 0.08-0.1 (107 CFU.mL1) (Martins et
al., 2011). Then the suspension was applied on the
surface of the Nutrien Agar (NA) media using
sterile swabs. Sterile disc paper (diameter 6 mm)
was soaked with extract solution and control, then
placed on the surface of the NA media that had been
applied to the tested bacteria. The clear zone
diameter around the disc paper was measured after
being incubated for 24 hours at 37°C.

e. GC-MS Analysis

The G. salicornia extract was analyzed using
GC-MS  (Shimadzu GC-MS 2010 Mass
Spectrometry plus). SH-Rxi-5Sil MS (30 m x 0.25
mm) column with flame ionization detector (FID)
(operated in ElI mode at 70 eV) was used in this
instrument. lon source temperature and interface
were 200°C and 280°C. The solvent cut time was
3 minutes, 400-700 m/z. Samples were injected at
250°C injector temperature with splitless mode, the
pressure of 76.9 kPa and a flow rate of 14 mL.min!
with a 1:10 ratio. The sample analysis was done
with the initial temperature of column 70°C. The
hold time was 2 minutes and the temperature was
raised to 200°C at 10°C.min? rate. The final
temperature of the column was 280°C, lasting
9 minutes at a 5°C.min" rate. The abundance of
each compound was expressed in terms of relative
area (%) and identification was done by comparing
the retention time and mass spectrum of the data
library (NIST and WILEY 9).

f. Docking Analysis

The interaction of compounds with target
proteins was carried out through in silico studies
using the molecular docking method. Compounds
identified by GC-MS were used as ligands.
Molecular docking analysis was carried out on



Probit

IN VITRO AND IN SILICO ANALYSIS FOR ANTIBACTERIAL ACTIVITIES OF .. 7205

5BMM (E. coli) [14] and 3LPS (S. aureus) [15]
using the Autodock program. The crystal structure
of the target protein was obtained from the RCSB
Protein Data Bank (http://www.rcsb.org/-pdb) and

separated from its natural ligands and other
unnecessary molecules before use. Then, the
structure added Kollman charges and polar

hydrogen atoms. The search for the ligand
conformation area was carried out with the
coordinates of the grid box at position -51.895,
24563, -24.979 for 5BMM and -5.988, 26.925,
62.406 for 3LPS. The results of the molecular
docking analysis were visualized using the
Discovery Studio Visualizer 2016 program.

3. Results and Discussion
a. Toxicity Test

The BSLT test was the preliminary test used
commonly for extract or compound toxicity. The
toxicity was determined from the extract's ability to
inhibit Artemia salina’s growth. The toxicity of the
extract was expressed by LCso (ug.mL™). The
toxicity of G. salicornia extract can be seen in
Table 1. The value was obtained through the linear
regression equation of log concentration against the
probit value. The graph can be seen in Figure 1. The
toxicity of the whole extracts is classified as toxic.
The LCs values range from 83.44-662.23 pg.mL*
and chloroform extract was the most active extract
with LCso 83.44 pg.mL™.
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Fig. 1. The diagram of the correlation between log concentration
of the extract and probit value

Similar findings were shown with this report
from previous studies. Ethyl acetate extract of
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G. salicornia collected from the Persian Gulf
belongs to the toxic category with LCso 3 pg.mL™.
However, methanol extract was not toxic with LCsp
1,349 pg.mL? [16]. Several studies related to the
toxicity test of Gracilaria extract showed different
results from the research data obtained. Methanol
extract G. changii (from Morib Beach, Selangor,
Malaysia) [17] and ethanol extract G. corticata
(J. Agardh) (from Indian coast) [18] were not toxic
against A. salina. The LCs values of each extract
were 3.13 mg.mL™* and 1.081 mg.mL ! respectively.

Table 1
Toxicity of various extracts of G. salicornia base on BSLT
method

Extract LCso (ng.mL?)
n-Hexane 662.23
Chloroform 83.44
Ethyl acetate 96.37
Methanol 276.69

b. Antibacterial Test

Paper disc diffusion was used to assess the
antibacterial activity of G. salicornia extract. The
ability of the extract to inhibit the growth of tested
bacteria is indicated by the clear zone diameter
around the paper disc. The clear zone diameter data
of various extracts of G. salicornia can be seen in
Figure 2. The diameter of the clear zone against
S. aureus varies from 6.91+0.14 mm to 13.44+0.04
mm. The value was less than the clear zone
diameter against E. coli, which ranges from
7.73£0.15 mm to 17.3+1.65 mm. Extracts of
n-hexane, chloroform, methanol, and positive
control (ciprofloxacin) have greater clear zone
against gram-negative bacteria (E. coli) than gram-
positive bacteria (S. aureus). This was in line with
Arulkumar and colleagues' findings, which found
that methanol extracts of G. corticata and G. edulis
were more susceptible to E. coli than S. aureus [19].
The antibacterial activity of G. dendroides extract
was also consistent with the findings of this report
[20]. On the other hand, ethyl acetate extract
showed greater clear zone against S. aureus. The
difference in action was related to differences in the
composition of the tested bacteria's cell walls as
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well as the components of the compounds in each
extract.
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Fig. 2. Antibacterial activity of various extracts of G. Salicornia

As compared to the other extracts, the
chloroform extract has the largest clear zone
diameter for S. aureus and E. coli bacteria. The
diameter was 13.44+0.04 mm against S. aureus and
belongs to the moderate. However, it was strong
inhibition against E. coli with the clear zone
diameter of 17.3£1.65 mm. The ability of such clear
zone can be juxtaposed with ciprofloxacin
antibiotics of the same category, although
ciprofloxacin  has larger clear zone of
41.44+0.04 mm. The data shows that chloroform
extract has the potential to be a broad-spectrum
antibacterial candidate. Previous research has
shown the ability of chloroform extract as potential
antibacterial. Research conducted by Al-saif et al.,
2014 showed that chloroform extract G. dendroides
provide clear zones with diameters of 26.3 mm
(E. coli) and 8 mm (S. aureus) [20]. The study also
showed that chloroform extract has better
antibacterial activity. Saeed et al., 2020, in their
research has also proven that extract from
chloroform solvent has better antibacterial activity
than other solvents [21].

The inhibition of n-hexane extract also has fairly
good potential with strong inhibition against E. coli
(the clear zone diameter was 15.56 + 0.16 mm).
However, it has weak inhibition against S. aureus.
Meanwhile, moderate inhibition was being observed
in ethyl acetate extract against S. aureus and
methanol extract against E. coli. However, the
inhibition of ethyl acetate extract against E. coli and
methanol extract against S. aureus belongs to weak
inhibition.
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c. GC-MS Analysis

Identification of compounds in various extracts
of G. salicornia was carried out using GC-MS
instruments. The results showed that n-hexane
extract was dominated by steroid compound group
(35.34%), fatty acids (27.38%), and terpenoids
(11.09%). The chloroform extract was dominated
by fatty acid compounds (66.31%), steroids
(15.27%), and alkanes (6.28%). Ethyl acetate
extract was dominated by ester compound
(34.12 %), alkanes (25.07%), and fatty acids
(16.05%). Meanwhile, methanol extract was
dominated by steroid (44.21%), esters (19.88%),
and triglycerides (5.49%). Also, there were minor
compounds such as ketones, aldehydes, alkenes,
and alkaloids. The compound was commonly found
in this genera. The compound obtained bear
similarities to the results of GC-MS Gracilaria
species from the Suez Canal of Egypt [22].
Compounds such as fatty acids, terpenes, steroids,
aromatic organic acids, alcohols, aldehydes,
ketones, alkanes, and alkenes have been reported to
have antibacterial activity [7].

An in-depth breakdown of GC-MS data on
chloroform extract was done to identify the
complexity of the compounds involved in the high
antibacterial activity of the extract. Compounds
identified of chloroform extract can be seen in
Table 2. The compound with the highest abundance
was n-hexadecanoic acid with a percentage was
63.2%. n-hexadecanoic acid and other fatty acid
compounds such as oleic acid, octadecanoic acid
and pentadecanoic acid have been reported to have
antibacterial activity [19, 23, 24]. Fatty acids were
considered effectively to prevent infections caused
by bacteria. It has been proven that fatty acids with
long-chain (more than 10 carbon atoms) can cause
lysis in bacterial protoplasms [25].

In addition, the steroid compounds such as
Cholest-5-en-3-0l(3.beta.) (14.19%) has been
reported to have inhibition against E. coli,
Salmonella, and S. aureus [26]. Other compounds
that have also been known to have antibacterial
activity were phytol (2.41%), alkane hydrocarbon
and 1,2-benzenedicarboxylic acid [19, 27].
Compound of 1,2-benzenedicarboxylic acid has also
been reported to have an inhibitory effect on Vibrio
fluvialis [28].



IN VITRO AND IN SILICO ANALYSIS FOR ANTIBACTERIAL ACTIVITIES OF .. 7207

Table 2

Components identified in the chloroform extract of G. Salicornia

No R.Time  Area% Name MW MF Cog‘g‘;‘s‘”d
1 21.58 63.2 n-hexadecanoic acid 256 C16H320; Fatty acid
2 39.6 14.19 Cholest-5-en-3-ol 386 Co7H460 Steroid
3 23.51 241 Phytol 296 CyoH40O Terpenoid
4 35.25 2.2 Hexatriacontane 506 CagH7s Alkanes
5 21.8 1.95 Ethyl hexadecanoate 284 C1gH360; Ester
6 19.78 1.67 2,6,10-trimethyl,14-ethylene-14-pentadecne 278 CaoHss Terpenoid
7 21.9 1.53 Heneicosane 296 CoiHus Alkanes
8 18.82 141 Tetradecanoic acid 228 C14H250, Fatty acid
9 29.38 111 Pentacosane 352 CosHs, Alkanes
10 35 1.08 Cholesta-4,6-dien-3-ol 384 Cz7H40 Steroid
11 18.04 1.06 Heptadecane 240 Ci7H3s Alkanes
12 29.67 0.99 9-octadecenal 266 C1gH3.0 Aldehyde
13 19.79 0.92 2-pentadecanone, 6,10,14-trimethyl- 268 C1gH360 Terpenoid
14 21.17 0.87 2-hydroxycyclopentadecanone 240 Ci5H250, Ketones
15 28.36 0.8 Octadecanal 268 CiH360 Aldehyde
16 20.07 0.77 Pentadecanoic acid 242 Ci5H300, Fatty acid
17 23.97 0.7 Palmitaldehyde 338 CH420; Aldehyde
18 24.04 0.6 Oleic acid 282 C1gH340; Fatty acid
19 23.34 0.38 Tetratetracontane 618 CusHoo Alkanes
20 24.32 0.33 Octadecanoic acid 284 Ci1H360; Fatty acid
21 33.96 0.3 2,6,10,14,18,22-tetracosahexaene, 2,6,10,15,19,23-hexamethyl- 410 CaoHso Terpenoid
22 29.89 0.29 1,2-benzenedicarboxylic acid 530 C34H550, Ester
23 18.28 0.24 Pentadecanal 226 CisH300 Aldehyde
24 20.87 0.23 Methyl hexadecanoate 270 C17H340; Ester

Note, MW: Molecular Weight; MF: Molecular Formula

d. Docking Simulation

Molecular docking analysis was performed to
determine the components of secondary metabolite
compounds in chloroform extract that contributed to
antibacterial activity. Docking analysis was
performed on compounds 1-13 and Ciprofloxacin as
positive controls. Meanwhile, the redocking of
native ligands with their respective proteins shows
that the parameters used were valid. It was
concluded based on the RMSD value of less than
2 A, namely 0.65 A for 3LPS and 0.85 A for
5BMM, the structure can be seen in Figure 3. The
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figure shows that the conformation of the native
ligand (grey) was not much different from the
redoking ligand (green).

The summary of the docking analysis in Table 3
shows that generally, the tested ligands have better
interaction with the target protein 5BMM (E. coli)
than 3LPS (S. aureus). This assessment was based
on the binding energy and Ki values obtained, the
lower the value, the better the interaction formed.
This was consistent with the data from the results of
antibacterial activity of chloroform extract which
showed higher sensitivity to E. coli than S. aureus.
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Fig. 3. Structure conformation comparison of the native (grey) and redocking ligands (green), (a.) Ligand for 5BMM, (b.) Ligand for 3LPS

Table 3.

The result of docking analysis

5BMM 3LPS
Compound Binding Ener Binding Ener
(kcal?mol'l)gy Ki (mM) (kcal?mol'l)gy Ki (mM)
Native Ligan -13.60 10.821 x 10°® -5.70 6.583 x 102
1 -4.65 38.898 x 10 -4.56 45,144 x 10
2 -9.99 4.759 x 10°° -8.00 0.137 x 10
3 -6.00 3.994 x 1072 -4.89 25.939 x 10
4 -4.14 91.73 x 102 -2.60 12.34
5 -5.03 20.524 x 102 -4.77 31.795 x 10?2
6 -5.85 5.176 x 102 -5.18 15.992 x 10
7 -4.79 30.608 x 102 -4.05 1.07
8 -4.40 59.388 x 102 -4.85 27.971 x 102
9 -4.86 27.383 x 102 -2.87 7.89
10 -9.67 8.095 x 10°° -7.93 0.153 x 102
11 -4.81 29.840 x 102 -4.44 56.027 x 107
12 -5.02 20.804 x 102 -4.75 32.818 x 102
13 -5.58 8.121 x 102 -5.11 17.821 x 10
Ciprofloxacin -7.50 0.315 x 102 -7.32 0.430 x 102
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Structure orientation with binding energy lower
than -5.0 kcal.mol! can be considered as the
optimum interaction [29]. Based on these criteria, it
can be judged that most of the tested ligands show
good interactions with the 5BMM target protein. On
the other hand, for the 3LPS target protein, most of
the tested ligands have binding energy that was
higher than this parameter. Another parameter that

(c) Cholest-5-en-3-ol on active site of 5BMM

also needs to be considered was the inhibition
constant (Ki). Based on research conducted by
Arulanandam [30], the lower Ki values and binding
energy indicate a good interaction and also correlate
with in vitro assay. The binding energy data and
inhibition constants obtained show a positive
correlation, low binding energy values give low
inhibition constants.

(d) Cholesta-4,6-dien-3-ol on active site of 5SBMM

Fig. 4. Interaction of the tested ligand with amino acids on the active site of the target protein, green line was conventional hydrogen

bond and pink line was alkyl interacton

Comparison of binding energy and Ki values for
each of the tested and control ligands shows that
compounds 2 and 10 which were steroid class of
compounds have better interaction when compared
to Ciprofloxacin which was commercial antibiotic
compounds. The stability of the ligand interaction
which was described by the energy binding value
and Ki was determined by the type and number of
ligand interactions against the amino acids on the
active site of the target protein. The interaction can
be seen in Figure 4.
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forms hydrogen bond (green line) on the amino acid
Asp348 residue with 2.34 A of distance. The
compound also showed Alkyl bonds (pink line) on
the amino acid residues Val281 (4.82, 4.87 and
5.03 A), Lys295 (3.86 and 4.54 A), Leu297 (4.80
A), Leud07 (4.49, 5.30 and 5.36 A) and Ala408
(3.48 A). The interaction of compound 10 involves
amino acid residues which were approximately the
same as the interactions in compound 2.
Meanwhile, the interaction of compound 2 with the
target protein 3LPS involves hydrogen bonding
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interactions on the amino acid residue Argl76 with
2.24 A length of the bond. Interactions in the form
of Alkyl bonds were also formed on the amino acid
residues Val83 (4.28 A), Met118 (5.4 0 A), Pro119
(3.50 and 4.60 A), 11e134 (4.98 A), Val160 (3.47 A)
and Leu209 (4.31 and 5.36 A). The interaction of
compound 10 with the target protein 3LPS involves
almost the same amino acid residues as the
interaction in compound 2. The presence of this
interaction contributes to the stability of the
interaction of the compound with the target protein.
This also indicates that compound 2 and compound
10 have potential as antibacterial agents.

Conclusions

The chloroform extract of G. salicornia has the
potential as antibacterial candidates. The inhibition
of chloroform extract against E. coli was strong, the
clear zone diameter was 17.3+1.65 mm, but the
inhibition against S. aureus was moderate with a
clear zone diameter of 13.44 + 0.04 mm. This was
confirmed by molecular docking analysis, which
showed that the tested ligand has a greater affinity
for the target protein 5BMM (E. coli) than 3LPS
(S. aureus). The GC-MS profile shows the presence
of fatty acids, steroids, esters, terpenoids, and
alkanes in the extract, which were thought to be
responsible for the activity. Steroid compounds
such as Cholest-5-en-3-ol and Cholesta-4,6-dien-3-
ol that have been identified in chloroform extract
can be used as antibacterial candidates. This was
based on the better binding energy value compared
to commercial antibiotic compound (Ciprofloxacin)
based on molecular docking analysis.
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